Nitrosopumilus maritimus gen. nov., sp. nov., Nitrosopumilus cobalaminigenes sp. nov., Nitrosopumilus oxyclinae sp. nov., and Nitrosopumilus ureiphilus sp. nov., four marine ammonia-oxidizing archaea of the phylum Thaumarchaeota by Qin, Wei et al.
Nitrosopumilus maritimus gen. nov., sp. nov., Nitrosopumilus cobalaminigenes 
sp. nov., Nitrosopumilus oxyclinae sp. nov., and Nitrosopumilus ureiphilus sp. 
nov., four marine ammonia-oxidizing archaea of the phylum Thaumarchaeota 
 
Wei Qin
a
, Katherine R. Heal
b
, Rasika Ramdasi
c
, Julia N. Kobelt
d
, Willm Martens-Habbena
a, e
, 
Anthony D. Bertagnolli
a, f
, Shady A. Amin
g
, Christopher B. Walker
a
, Hidetoshi Urakawa
h
, 
Martin Könneke
i
, Allan H. Devol
b
, James W. Moffett
j
, E. Virginia Armbrust
b
, Grant J. Jensen
c,k
, 
Anitra E. Ingalls
b
, David A. Stahl
a,1
 
 
International Journal of Systematic and Evolutionary Microbiology 
 
a
Department of Civil and Environmental Engineering, University of Washington, Seattle, WA, 
USA; 
b
School of Oceanography, University of Washington, Seattle, WA, USA; 
c
Division of 
Biology, California Institute of Technology, Pasadena, CA, USA; 
d
Department of Biology, 
University of Washington, Seattle, WA, USA; 
e
Department of Microbiology and Cell Science & 
Fort Lauderdale Research and Education Center, Institute of Food and Agricultural Sciences, 
University of Florida, FL, USA; 
f
School of Biological Sciences, Georgia Institute of Technology, 
Atlanta, GA, USA; 
g
Department of Chemistry, New York University Abu Dhabi, Abu Dhabi, 
UAE; 
h
Department of Marine and Ecological Sciences, Florida Gulf Coast University, Fort 
Myers, FL, USA; 
i
Marine Archaea Group, MARUM–Center for Marine Environmental Sciences, 
University of Bremen, Bremen, Germany; 
j
Departments of Biological Sciences and Earth 
Sciences and Civil and Environmental Engineering, University of Southern California, Los 
Angeles, CA, USA; 
k
Howard Hughes Medical Institute, California Institute of Technology, 
Pasadena, CA, USA. 
 
1 
to whom correspondence should be addressed.  Email: dastahl@u.washington.edu. 
 
 
 
 
 
 
 
 
 Figure S1.  Correlation of the growth of strain HCE1
T
 with the stoichiometric ammonia 
oxidation to nitrite.  Each data point represents the mean of triplicate cultures. 
 
 
 
 
 
 
  
Figure S2.  Influence of temperature on specific growth rate.  Error bars represent the standard 
errors of triplicate cultures.  Error bars smaller than symbols are not shown.  
 
 
 
 
 
 
  
Figure S3.  The effect of pH (a) and salinity (b) on the specific growth rate of strain HCE1
T
 
expressed as a percentage of those at pH and salinity optima, respectively.  Error bars represent 
the standard errors of the mean of triplicate cultures.  Note that no growth was observed at pH 
8.1. 
 
  
Figure S4.  Semi-logarithmic plots of nitrite production vs. time during the incubation of strains 
HCE1
T
 (a), SCM1
T
 (b), HCA1
T
 (c), and PS0
T
 (d) at 200 µM–3 mM, 200 µM–10 mM, 200 µM–
10 mM, and 200 µM–50 mM initial ammonia concentrations, respectively.  Error bars represent 
the standard errors of the mean of triplicate incubations.  Error bars smaller than symbols are not 
shown. 
 
 
 
  
Figure S5.  Effect of organic compounds on the specific growth rate of strain SCM1
T
.  All organic compounds were tested at a 
concentration of 100 µM, with the exception of complex organic compounds at different concentrations (starch: 0.01%, w/v; cellulose, 
xylan, humic acid, casein peptone, and BSA: 0.005%, w/v; yeast extract: 0.0005%, w/v; polysorbate 20: 0.0001%, w/v).  The green 
shaded area represents the specific growth rate range of controls without organic carbon supplements. 
 
 
 Figure S6.  The specific growth rates of strains HCA1
T
, HCE1
T
, and PS0
T
 with supplementation 
of 100 µM pyruvate (black), 100 µM oxaloacetate (red), 100 µM α-ketoglutarate (green), and 
100 µM glycolate relative to controls without organic carbon supplements.  Error bars represent 
the standard errors of data from triplicate cultures. 
 
 
 
 
 
 
 
  
Figure S7.   Transmission electron micrographs of negatively stained strain HCE1
T
 cells in its 
characteristic (a) and elongated (b) forms (Scale bar: 200 nm). 
 
 
 
 
 
 
 
 
 
  
Figure S8.  Maximum-likelihood phylogenetic tree based on amoA sequences showing the phylogenetic relationships of the genus 
Nitrosopumilus, the family Nitrosopumilaceae, and the order Nitrosopumilales.  Confidence values are based on 500 bootstrap 
replications.  Scale bar represents 0.05 fixed mutations per nucleotide position.  
